A case control study of gall stone disease in relation to diet, alcohol, and relative weight was undertaken. The study population comprised 267 hospital patients with newly diagnosed gall stone disease, 241 individually matched controls selected from the community, and 359 controls who were patients in hospital. Dietary intake was estimated with a quantitative food frequency questionnaire. Multiple logistic regression analysis was used to estimate the net association between individual nutrients and the risk of formation of gall stones. Variations in risk with sex and age were examined in the light of prior evidence of influences of sex hormones and age on hepatobiliary metabolism.
Introduction
The appreciable variations in the prevalence of gall stones between countries and over time1 suggest that lifestyle may have an aetiological role. Diet is likely to be important as the intake Results from case-control studies investigating the association of diet with gall stone disease have not been consistent.' 13 Basic criticisms of these studies are that many used inadequate sample sizes as reflected by published standard errors7 8 10; many studied controls only from hospitals, who, because they had disorders possibly related to diet, were probably not representative of people without gall stones3 4 7-9 11; many studied patients with longstanding gall stone disease, who were more likely than patients with newly diagnosed gall stone disease to have changed their diet because of symptoms or treatment o -13; and many used unsatisfactory methods for assessing diet.' 6 81112 We report a case-control study of 267 patients who had recently developed gall stone disease and of two groups of controls, one comprising patients in the hospital and one comprising people in the community. We examined the risk of gall stone disease in relation to the intake of energy and fat, to obesity, and to consumption of alcohol. The possibility that the strength of aetiological relations would decrease with increasing age, reflecting the progressive depletion in the number of subjects metabolically susceptible to gall stones,14 was also examined.
Subjects and methods

SELECTION OF SUBJECTS
From December 1978 to September 1980, 867 subjects aged 70 or under from hospitals and the community entered the study. Hospital patients were from two of the three major public hospitals in Adelaide. They were interviewed blind when presenting for oral cholecystography or ultrasound of the gall bladder after referral for diagnosis of abdominal symptoms (n=508), before gastric bypass for obesity (n=37), or because of prior disease (for example, pancreatitis) (n=58). Those who were subsequently found to have stones visible in their cholecystogram or ultrasound scan and those whose cholecystograms did not show any opacity but in whom stones were confirmed at operation entered the study as patients. Those found not to have gall stones served as hospital controls.
Because most of the hospital controls had symptoms that may have arisen from disorders related to diet, they could not be assumed to be representative of people without gall stones in the source population. Accordingly, we also studied a group of controls from the community, randomly selected from the electoral roll (registration as a voter is compulsory). They were individually matched with patients for sex, age (within two years), and residential area. Those with a history of gall stones or related symptoms were excluded and replaced with another control. The response among community controls was 81%.
There were some socioeconomic differences between patients and community controls because patients came only from public hospitals whereas community controls, though sharing the same residential area as patients, came from the total population treated by both public and private medical systems. Socioeconomic confounding between patients and community controls was assessed.
The study population comprised 267 patients, of whom 241 were successfully matched with community controls, and 359 hospital controls (table I) . The hospital controls who had symptoms suggestive After preliminary examination of trends in relative risk related to decades of ages patients were divided into those aged 50 and over and those aged below 50 as in women this age coincides with (menopausal) changes in sex hormone concentrations, which influence hepatic lipid metabolism. Furthermore, there were roughly similar numbers of subjects in the study in these two age groups.
Results
UNIVARIATE ANALYSIS OF DIET
The mean daily intake of energy, total fat, cholesterol, protein, starch (polysaccharides), and total sugar (monosaccharides and disaccharides) by female patients aged less than 50 was greater than that by their matched community controls, whereas consumption of these nutrients by female patients aged 50 or over tended to be lower than that by matched community controls (table II) . There was a similar pattern among men, with male patients under 50 tending to have a greater intake of these same nutrients, and patients aged 50 and over to have a lower intake, than their respective matched community controls (table II) . Prior analysis had shown that this reversal of effect, below and above the age of 50, summarised a graduated reduction with increasing decades of age in the risk of development of gall stones related to intake of nutrients.
The increased intake of total sugar by young patients of both sexes compared with matched community controls was largely due to increased consumption of sugar in drinks (tea, coffee, cordial, and aerated soft drinks) and sweets (jam, honey, chocolate, and other confectionery). Intake of sugar in drinks and sweets was also greater in older patients than in their matched controls (table II) . Consumption of sugar, however, from all other food sources (unsweetened and sweetened cereal products, fruit, and dairy products) was the same for patients and controls in all age and sex groups. The ratio of polyunsaturated fats to saturated fats was similar for patients and community controls in all groups.
Mean daily consumption of alcohol -was significantly (p<0-05) lower among female patients in both age groups compared with their matched community controls and slightly, but not significantly, lower in male patients than in their matched controls (table II) . In both men and women, however, a much lower proportion of patients than controls drank alcoholic drinks. Using this criterion, the matched pairs odds ratio associated with drinking alcohol for women of all ages was 0-4 (95%o confidence limits=0-2, 0-6) and for men was 0 1 (95% confidence limits-0 002, 0 6).
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Among the patients and hospital controls mean daily intake of nutrients was unrelated to reason for referral for biliary radiological examination. Comparison of the mean daily nutrient intake of patients with that of hospital controls showed that the differences between female patients and hospital controls were generally in the same direction, though not as large, as those between female patients and community controls (table III) . In women under 50 intake of all nutrients, except alcohol, was greater, though not significantly so, in patients than hospital controls, though there was little or no difference in nutrient intake between female patients and hospital controls aged 50 and above. Among men in both age groups intake of all nutrients was lower in patients than controls, although no differences were significant (p > 005).
MULTIVARIATE ANALYSIS OF DIET
Because the estimated intakes of all the major nutrients, apart from alcohol and sugar in drinks and sweets, were significantly correlated with each other and with total intake of energy, multiple logistic regression was carried out to estimate the net association between each nutrient and the risk of development of gall stones.
Tablc IV lists the best fitting set of alternative dietary models, with the regression coefficients for the individual nutrients derived from the data sets for female and male patients and community controls. Energy and fat were included in separate models as they were highly collinear, as was sugar in drinks and sweets with both total sugar and fibre. Energy and total sugar were also highly collinear as neither variable had a significant (p<0 05) regression coefficient when included in the same model. Transformation to the natural logarithm of alcohol intake by women and men, and of fibre intake by men, significantly (p<0 05) improved the goodness of fit.
The direction of the regression coefficients in table IV shows that, for both sexes total sugar and sugar in drinks and sweets were positively associated with the risk of developing gall stones; alcohol, cholesterol (in women), and fibre were negatively associated with the risk; and energy and fat had significant age interaction terms that were negatively associated with development of gall stones. All associations in table IV were independent of obesity (as defined by Quetelet's index), socioeconomic state (as estimated by household income), nationality, and parity, except for intake of alcohol in (2) 62 (3) 69 (3) 93 (12) 81 (6) 74 (4) 86 (4) Starch (g) 95 (5)* 80 (3) 86 (5) 90 (7) 111 (12) 110 (9) 91 (7) 
Patients significantly different from matched controls: *p < 0-05; tP < 0-01; $p < 0-001.
Conversion: SI to traditional units-Energy: 1 MJ 239 kcal. Alcohol (g) 3 0 (0-6) 4-5 (0-7) 2-7 (0 6) 2-4 (0 6) 10-4 (3 4) 11-8 (2 9) 9 1 (3-4) 12-9 (3-1)
*There were no significant differences between patients and hospital controls in the same age and sex category.
Conversion: SI to traditional units-Energy: 1 MJ z 239 kcal. Conversion: SI to traditiotnal tinits-I kJ 239 cal.
-39*51 for men.
women, which became non-significant only when both Quetelet's index and household income were included. Using the regression coefficients from table IV, the decrease in risk associated with increased intake of alcohol was found to operate mostly at low levels of consumption (<30 g/day) (figure); at higher levels of consumption an increase in intake of alcohol was associated with only a small decrease in risk. Calculations using the regression coefficients associated with energy and the energy-age interaction term for men and women (models 1 and 4 in table IV, respectively) showed that the relative risk associated with an increased intake of 2-1 MJ (500 kcal)/day was above unity at younger ages and below unity at older ages (table V) . Age specific relative risks similar to those in table V were associated with an increase in fat intake of 20 g/day. An increase in intake of sugar in drinks and sweets of 40 g/day (equal to 10 teaspoons of sugar or a little less than two glasses of Coca-Cola23) was associated with a relative risk of 2-2 (95 % confidence limits = 1-5, 3-2) for women and 2-4 (95% confidence limits = 1-3, 4-6) for men (models 2 and 5 in table IV, respectively).
Fibre was negatively associated with the development of gall stones in both sexes, although the relation was linear in women and logarithmic in men (models 3 and 6, respectively). Calculations with regression coefficients for fibre showed that in women an increase in intake of 10 g/day was associated with a relative risk of 0-6 (95% confidence limits= 0-4, 0-9); in men the logarithmic relation described a similarly shaped curve to that for alcohol (figure).
Cholesterol was also negatively associated with the development of gall stones, but only in women and when included in a multivariate model with fat or energy (models 1-3, table IV). Calculations based on the regression coefficient in model 3 showed that an increased intake of cholesterol of 200 mg/day, which is a little less than the amount of cholesterol in one egg, was associated with a relative risk of 0-4 (95% confidence limits=0-2, 0-8).
Multiple logistic regression analysis of the data sets for patients and hospital controls showed that only a few nutrients had significant (p<0-05) regression coefficients. In women intake of energy and total fat, which were highly collinear, were each found, after age had been controlled for, to have a significant quadratic relation with the risk of developing gall stones, which was above unity over the range of intakes of nutrients recorded in this study. With increasing intake of energy or fat the risk increased to a maximum at a daily intake of 11-5 MJ (2750 kcal) or 100 g fat before decreasing. For male patients and hospital controls intake of sugar in drinks and sweets, after age had been controlled for, also had a significant quadratic relation with the risk of developing gall stones, which increased to a maximum at 70 g/day before decreasing.
RELATIVE WEIGHT
Those patients (and their matched community controls), and hospital controls, who were referred for routine oral cholecystography before gastric bypass for morbid obesity were excluded from analyses in this section. Quetelet's index (weight/height2) was used as an index of obesity.
Among patients and community controls Quetelet's index at the time of study was significantly greater in female patients under 50 than in their matched controls; the difference between patients and controls was not significant for women over 50 or for men in either age group (table VI) . A similar pattern of differences beween patients and controls existed among the four age and sex groups for Quetelet's index at age 21 (derived by dividing each subject's recollected weight at that age by his or her current height) and for the change in Quetelet's index since the age of 21. Comparison of patients with hospital controls yielded similar results with larger differences in Quetelet's index between female patients and controls aged less than 50 and no significant differences between men in either age group (table VII). These differences in Quetelet's index between patients and controls were not due to decreased physical activity in patients; physical activity in patients was found to be similar to that in controls in all categories of age and sex. *Weight/height2 (kg/mr).
Patients significantly different from controls in same age and sex group: tp < 0-05; tp < 0-01.
Multivariate analysis of differences in data sets between patients and both hospital and community controls showed that, among women, Quetelet's index was significantly (p<0-05) associated with the risk of developing gall stones, independently of intake of energy. indicate that a maximum of 9-10% of community controls of either sex in our study may have had silent gall stones. The proportion of hospital controls with gall stones was probably higher than this because in 2-10% cholecystography may have yielded false negative results and some had probably passed stones during an attack of biliary colic.
Interviewer bias and bias in recall were unlikely in the comparison of patients with hospital controls because most subjects in hospital were interviewed double blind. Biases in classification of exposure to different foods in the comparison of patients with community controls were probably minimal because community controls were not informed of specific dietary hypotheses and the interviewer was not aware of the nutrient content of the many items of food in the frequency questionnaire.
With respect to diet and lifestyle, the hospital controls were unlikely to have been representative of people without gall stones living in the same area as the patients because most of the hospital controls had abdominal symptoms that, in part, were due to gastrointestinal diseases related to diet. The community controls, however, with an 81 % response rate, were presumably representative of the local population of people free from symptoms of gall stones. Multivariate analysis showed that household income did not confound the differences in diet and obesity between patients and community controls. For these several reasons we have based the following discussion primarily on the results of comparisons between patients and community controls. 
ALCOHOL
The consumption of alcoholic drinks was associated with a decreased relative risk. This finding is consistent with previous studies,5 -8 13 which generally have found a relatively lower intake of alcohol by patients than controls; similarly, an inverse relation between intake of alcohol and admission to hospital for treatment of gall stones has been reported.'0
The substantial decrease in the relative risk associated with low alcohol intake, together with only small changes in risk at higher alcohol intakes (figure), suggest that an increased alcohol intake is maximally beneficial if the intake is initially low (<30 g/day). In agreement with this is the recent experimental observation in healthy human subjects with a normally 1117 low consumption of alcohol (range 0-6 g/day) that an increase in alcohol intake of 39 g/day over six weeks significantly lowered the bile cholesterol saturation index by about 20%.31
The observation that alcohol protects against the formation of gall stones may partly explain the greater prevalence of gall stones in women than men because women consume much less alcohol (tables II and III). The protective effect of alcohol may be via the liver, by increasing the conversion of cholesterol to bile acids32 33 or by altering the enterohepatic circulation of bile acids, including deoxycholic acid,34 the concentration of which is typically raised in the bile of patients with gall stones.
SUGAR
The sugar in drinks and sweets, which was mainly sucrose, was associated with an increased risk of formation of gall stones in female and male patients relative to community controls and in male patients relative to hospital controls. The two previous case-control studies in which intake of simple sugar was measured found no significant difference between patients and controls.9 10 Studies of the lipid composition of bile, however, have found that a diet high in refined carbohydrates is associated with increased cholesterol saturation35 36; a diet high in sucrose is known to produce cholesterol gall stones in hamsters.37
Intake of sucrose may increase the risk of gall stone formation by stimulating secretion of insulin. Fasting plasma insulin concentration was found in this study to be positively associated with the development of gall stones (unpublished data The observed association of dietary fibre with a decreased risk of gall stone formation is less conclusive than the results for other nutrients discussed above. The relation of fibre to risk of gall stone formation is linear in women but logarithmic in men; furthermore, fibre was collinear with sugar in drinks and sweets and had a significant regression coefficient only when such sugar was excluded from logistic regression models.
The only other case-control study of gall stone formation to report intake of (crude) fibre found that it was lower in patients of both sexes and significantly (p <0 05) so in women."1 The same study, however, found that intake of crude fibre/4-18 kJ of total dietary intake was similar for patients and controls, which suggests that the quantitative differences in intake of fibre merely reflected differences in total dietary intake.
Dietary cholesterol, in multivariate analysis controlling for intake of energy or fat, was inversely associated with risk of gall stone formation in women; this finding must also be treated with caution as a similar relation was not found in men. Other case-control studies have reported that intake of cholesterol by patients and controls is similar'0 13or lower in patients with cholesterol solitaire stones.9 OBESITY Obesity as assessed by Quetelet's index was associated with an increased risk of gall stone formation maximally among women aged under 50, less so among older women, and not among men. The finding of an increase in the risk of gall stone formation associated with obesity among young women is consistent with three earlier studies5"57 and with the significant (p <0 05) positive association between obesity and formation of gall stones reported in those case-control studies that examined women aged below 50 exclusively.12 58 Sarles et al, however, studying women aged 20-55, failed to find a positive association between formation of gall stones and obesity.6 The association between Quetelet's index and risk of gall stone formation was independent of intake of energy among women aged below 50, suggesting that obesity among young female patients, compared with their controls, was predominantly due to non-dietary factors.
The finding that obesity was not a significant risk factor among women aged 50 or more or among men of all ages could reflect an influence of reproductive or hormonal factors, or both, in the association between obesity and gall stones. The interaction of Quetelet's index with age in the risk of gall stone formation among women could also indicate that obesity in young and middle adulthood is associated with a progressive depletion, with increasing age, of the subpopulation constitutionally susceptible to gall stone formation.
CONCLUSIONS
In summary, we found, in a large case-control study, that increased intake of alcohol was associated with a substantially decreased risk of development of gall stones, increased intake of sugar in drinks and sweets with an increased risk, and increased intake of energy (or fat) with an increased risk at young ages only. Furthermore, obesity increased the risk of formation of gall stones primarily in young women but not in men.
